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The typical Baltic conodont Ba ltoniodus has been Identified in the Bohemian
Early Ordovician K labavian and Sarkan stages. In the upper part of the Klabava
Formation (locality s.vatostepanskv r y bnik near My to) Baltoniodus is associated
with species of the genera Drepanoistodus, Sca lpe l lodus and Drepanodus, which
also occur in the Baltic a rea. This contrasts with dissimila rity , s t r es s ed b y many
autnors. , b e tween Baltic and Bohemian faunas thought to belong to different
pa le c zoogeographic provinces. A r ev iew of other groups of fossils indicates that
migrations between these r egions in the Ea r ly Ordovician w ere not uncommon.
Klabavian B. bohemicus sp . n , is morphologically intermediate b e t w een Acodus
de ltatus, B . crassu lus, and B . triangularis sen su Lindstrom, 1971 and may be
identical with the oldest populations of B . navis sensu Van Wamel, 1974. According
to the interpretation presented of the evolutionary r el a ti on sh i ps of B . bohemicus
s p. n ., the upper part of the Klabava Formation is correIa fed with the La torpian­
-Volkhovian bo u n d a r y . The conodontophorid assemblage from My to differs in
its much low er diversity from Baltic assemblages containing sp ec ies of t h e same
genera. This suppo rts the concept of the co ld-water n a tu r e of t he Bohemian
Ordovici an . It is suggested that t he subpolar ("Antarctic") convergence was
between Baltica and the Mo ldanubicum, and selectively separated faunas in t he
Early Ordovician.

Ke y w 0 r d s : conodonts, 'b iog e o gr -aph y , Baltic r eg ion , Bohemia , Ordovician,
e volu tion , biostratigraphy.

Jerzy D ztk , Zaklad Paleob io logit, Polska Akademia Nauk , At. Zwirk i i Wigury 93,
02-089 Warszawa, Po land. R eceiv ed : May 1981.

INT R ODUCTIO N

Together with the Ba ltic Region and the North Amer ican Midconti­
nent , the Barrandian basin is one of the occurrences of the Or dovicia n
in the world that is most acc urately descr ibed , r ichest in fossils and m ost
complete. Despite the high diver sity of foss ils and their excellent state
of preserva tion (review : Havlicek and Vanek 1966), the age correlation of
the for mations of the Bohemian Ordovician with other Ordovician
deposits is very difficult due t o considerable dissimilarit y of faunas.
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In con siderations of the paleobi oge ography of the European Ordo­
vician, the Baltic Region has been contrasted tradit ionally w ith Or­
dov ician localities , situated sou th of the Hercynids which have been
con nect ed together to form the Medit erranean Province, which also in­
cludes Bohemia (La . Ma rek 1976 ; Havlicek 1976 ; Havlicek and Branisa
1980) . Due to troubles w ith an a ccura te age correla t ion between Bohe­
mian lithostratigraphic units and British or Baltic st ages, regional Ordo­
vi cian stages have been de signated in Bohemia (Havlicek and Marek 1973;
Pribyl 1979).

Differences between Baltic and Bohemian Ordovician localit ies are
considered t o be a result of the paleogeographic pre-drift configuration
of the continental blocks to which they are assigned (Havlicek 1976 ;
Dzik 1978). Acceptance of this concept opens ne w possibilities for pa leo ­
zoogeogra phi c interpr eta t ion of evolution in fa u nas of particular regions .
In stu dies thus directed zoogeograph ic and biostratigraphic aspects are
ins eparab le, ' for - it is necessa ry t o know which of the fauna s com pared
are coeval. At the same ti me, a determination of the sources of evolu ­
tionar y separation and migration of species becomes the only chance t o
deter m ine the age of faunas that are quite different in specific composi­
tion . The present paper is an a t tem pt at correlating the Lower Ordovician
li thostratigraphic units of Bohemia with those of the t hus fa r m ost
accurately stu died Baltic divi si on based on the conodonts. The interpre­
ta t ion of relationships in t ime between the Bohemian and Baltic cono­
dont s is presented below against the backgr ound of relati onships and
dissimilar it ies of other faunal groups occurring in these r egi ons.

MATERIALS

Conodonts on which the present paper has been ba sed come from
three outcr ops : (1) Myto, (2) Ejpovi ce and (3) Osek.

(1) Of the localities stu died, cono don ts are the most abundant in t he
environs of the town Myto on the northern side of the P raha-Plzefi
r ailroad line near the western margin of the Svatostepansky rybn ik
(pond) (p l. 2: 1). It is an abandoned quarry now ove rgrown wit h shrubs .
A diabase sill withi n clayey sha les crops ou t at the bottom of the quarry .
Near t he sill , the shale iis ther m ally metamorphosed. A 27 em thick
in tercalation of limy tuffite (pl. 2: 2; f ig. 1) occurs in sha les abou t.1 90 em
above the sil l. A diagonal lamination of sha le is visible just below the
in ter ca lation . A similar , but fine-grained calcareou s tuffite also crops
ou t above the pond in a road that intersects the railroad track (pl . 2: 2).
Dark shales w ith Sarka F ormation' concretions crop .ou t in the bank of
t he pond some meters above the tuffite intercalat ion. The contact be­
tween the Klabava and Sarka formations is invis ible. Conodonts were dis­
covered by Dr. Ladislav Marek (Geologicky ustav CSAV, Prague) on

I
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fractured rock surfaces. In 1977, during my stay in Prague, he showed
me this outcrop and assisted my sampling.

The calcareous tuffite of Myto contains an abundant and well pre­
served fauna , which is now being studied by Dr. Michael Mergl of the
Karlova Universita, Prague (macrofauna) and Dr. Miroslav Kruta of the

Klabava

sha l e

mud stone

t uffi t e

diabase

i ron oo l i t e s

o

1m

Sarka

SVATOST~pANSKY

RYB N fK

EJPOVICE

Fig. 1. Geological section of the uppermost parts of the Klabava Formation at the
localities Ejpovice (old iron mine; see pi. 1: 1-2, 6: 1-2) and Svatostepansky rybnik
near My-to (abandoned quarry; see pi. 2: 1-2). Indicated fossiliferous layers of

cal ca reous tuffite.
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Ustf edni geologicky ustav, Prague (ostracods). Previously published data
on graptoli tes, occurr ing in cla ye y shales of this outcrop, include T et ra­
gra pt us d . big sbyi (Hall , 1'895), T. reclinatus abbreviatus Boucek, 1956
( = T. d . pseudobigsbyi Skevington , 1965 of Kraft 1977) and A zygograp­
tus sp . (Boueek 1973 ; Kraft 1977). The beds of My t o, ba sed on these grap­
to lites , are included in the T . abbrev iatus Zone of the local Bohemian
divi sion . The residue contains numerous spi culae of siliceous spong es,
wh ich have probably been seconda r ily calcified (pl. 5: 5-7), although
there are some arguments for an or igina lly ca lcareous st r ucture of si­
m .lar forms from the Bal t ic Ordovician (Lin dstrom 1 9 7 9 ~ . Several species
of ost racods (fig . 6) and ac ro tr et id brachiopods occur subordina tely.

(2) The contact between the Klabava and Sarka formations cro ps
ou t in an abandoned iro n-ore m ine a t Ejpovice (pl. 1: 1'......:.....2). A transition
fr om the cla yey sha les and ca lcar eous tuffites of the Klabava F ormation

.to the pelosider ites and iron ooli tes of the Sarka F ormation is visible at
the outlet of me river channel. Blue-gray tuffites, wh ich crop out near
the to p of the Klabava F ormation , abound in the detritus of orthid bra­
ch iopo ds . The tuffites resemble in color those of My to, but are softer and
are pa le colored. The conodonts they contain are few and poorly pre­
served. Ab ove the t uff ites ar e thin fe rrugin ous inter ca la ti ons in dark-red
clayey shales with shallow, round borings filled with iro n oolites
(pl . 6: 2). Tonguelike trace-fossil s occur in a red shale between these in­
tercalati ons (pl. 6: 1).

Thr ough the courtesy of Dr. Marek, I had an oppo r tu nity to acquaint
myself with, and to sa mple, the Ejpovice outcrop in 1980.

Many borings we re made at Ej povice durin g preparation for the
exploitation of the iron ore . Part of the mater ial from these bor ings has

, been ela borate d paleontologically but considerable faulting of the layers
prevented an accurate compar ison of data. According to Boucek (1973) ,
the grapto li tes Sc hiz ograptus ta rdibrachiatus Boucek, 1973, Ex panso­
gra ptus ex t ensus (I-Iall, 1865), Acrograp tus n icho lsoni (Lapwor th, 1875) ,
Didymograptus pro tobifidoides Boucek, 1973 and Azy gograpt us su ecicus
Moberg, 1892, wh ich represent various h or izon s of the Arenigian, occu r
in the Klabava F ormat ion .

A det r itus of or thi d brach iopods, calcified (?) spic u lae of silic eous '
sponges (of the Calcihexactinia type) and fra gmentar y elements of Dre­
panodus sp . and Drepan oistodus sp . are con tained in the residue..

(3) Sil iceous concretions, call ed in Czech "rokyeanske kulicky" , col­
lec ted in the fields of the village Osek near Beroun, were tur ned over
to me by Dr. Pavel Slehofr (Geolog icky ustav CSAV). These conc retions,
occur as was hed out fr om shales of the Sarka F ormation (L. Marek, oral
com mu nica tio n). The grapto lites they conta in are indicative of the Co­
rym bograpt us retroflexus Zone (Boueek 1973) . Most L ower Ordovician
foss ils of Bohemia known in the li tera ture, incl uding numerous trilo-
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b ites, crustaceans, m ollusks and carpoids (d. Havlicek and Vanek 1966)
come from these concretions. Many Ch it in ozoa , sphaeromorphs, spiculae
of siliceous (?) sponges (secondarily calcified?), acrotretids, brachiop ods,
plates of carpoids, larvae of gastrop ods and plates of machaeridians were
contained in a residue ob tai ned 'by dissolving about 0.5 kg of t.ge con­
cretions. I have also fou nd a fe w elements of Bal toniodus.

METH ODS

The calcareou s tuffit es of My-to and .Ejpov ice were diss olved alter­
nately in formic and hydrofluoric acids. The rock, crushed into fragments
abo u t 2 em in diameter, was decalcified in 20 per cent HCOOH t o the
cessation of reaction, that is, for about 48 h ours. After wash ing, the r ock
was covered w ith concentrated H 2F2 for 15 minutes and, subsequen tly,
the residue. was washed. After treating the residue repeatedly wi th hy­
drofluoric acid, when an . excess of calcium fluoride appeared in the
residue, the decalcification was repeated in formic acid.

The "rokycans ke kulieky" of the Sarka F ormation diss olve excellently
in hydrofluor ic acid.

PALEOGEOGRAPHY OF THE EA RL Y ORDOVICIA N

Paleomagnetic and paleocl im at ic data enable a m oderately un­
equivocal in terpretation of the situation of the main Ordov ician con­
t inental pla tes in relat ion to the equator and the pole s (R oss 1976; Havli­
cek 1976; McTavish and Legg 1976; Bergstrom 1979; Sc o ese et al. 1979;

Ziegler et al. 1979) . It is m ore diffi cult, however , t o indicate the relation
between the m ain plate s and smaller ones that contain epicon t in ental
de posit s with the fauna discussed below , for example , the Holy Cross

. (Swietokrzysk ie) Mountains, the :Su deten Mts. and the Moldanubicum.
On the ba sis of the character of sedimentation (an almost complete la ck
of limestones and reef-building or gan ism s and considerable con tr ibution
of siderites - Havlicek and Snajdr 1955 ; Hirschmann et al. 1968 ; Kraft
1975), it is assumed that the Barrandian basin was situated during the
Ordovician in the polar or subpolar climate zone, whereas the Baltic
Region .and the Holy Cross Mts (with their predominantly platform cal­
careous sedimentation, devoid of reef-building or ganisms and bioherms)
were si tua ted in the temperate climate zone (Spjeldnaes 1967; Havlicek
and Vanek 1966 ; Havlicek 1976; Sheehan 1979; Havlicek and Brani sa
1 980). Such a sit ua t ion of the Baltica continent (the East European Plat­
fo rm ) is confirmed by paleomagnetic data, which indica te an abou t 30°
di stance from the South Pole (Bergstrom 1979). Palinspastic r eco nstruc­
tions of pre-Her cynian and pre-Caledonian Central Eur ope (Cwojdzinski
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1977, 1980; Dzik f978a) place the Moldanubicum closer to the pole than
Baltica, assuming the orientation based on paleomagnetic data. The Holy
Cross and Sudeten Mountains, as well as the Moldanubicum were then
situated at a considerable, but now rather indeterminate , distance from
Baltica and were oriented perpendicularly to the Teysseire-Tornquist
line. According to the hypothetical situation of the pole close to the
African coast of Gondwana , these plates had to be situated between
Gondwana and Baltica (fig . 7).

COMMENTS ON UNITS IN MARINE PALEOBIOGEOGRAPHY

The need for an unequivocally understood, hierarchical classification
of paleobiogeographic units is very urgent (d. Waterhouse"1976; Kauff­
mann and Scott 1976). Despite a considerable number of terminological
suggestions (d. Sylvester-Bradley 1971), it is still a long way to the
uniformity of views in this domain. This results primarily from a limited
applicability to the bi ogeography of the oceans of classifications, based
on continental assemblages. As a rule, continental ecosystems have
discrete geographic borders that correspond to the sharply outlined .
borders of continents or to the unequivocal separation of lowland areas
by mountain ridges, etc. Most marine biocoenoses are devoid of exter­
nal limits of this type. Discrete boundaries could result from a con­
siderable internal integration of biocoenoses and maybe also from the
related lack of continuous transitions between biocoenoses of various
types. The higher the rank of a biogeographical unit, however, the lower
is the degree of integra ti on. At the level of an ecosystem corresponding
to a single biocoenosis (community) the degree of integration is very
low or almost none at all (Hoffman 1979). Continuity of spatial and struc­
tural transitions between biocoenoses of various types is well substant­
iated empirically (La. Cisne and Rabe 1977; Dzik 1979). The only excep­
tion are biocoenoses in which the concentration of biomass is so great
that it causes significant environmental changes. Biocoenoses of this
type have sharply outlined territorial boundaries. Here belong, for
example, reefs of various types, bioherms and banks (La. Dzik 1982b).

In 1976, Waterhouse proposed a h ierarchical classification of bioge o­
graph ic units based on the rank of taxonomic units characteristic of them.
The essential shortcoming of this system lies in its basic assumption,
because the ambiguity and instability of taxonomic ranks intensifies as
newe r and newer "philosophies" of taxonomy are introduced. Thus, one
can be apprehensive for the uniformity and stability of understanding
biogeographic classifications based on them. A better way was chosen
by Kauffmann and Scott (1976) who suggested a hierarchically complex
classification of biogeographic units based on the percentage of endemic
taxa. Howe ver, introduction of such a quantif ication to descriptions of
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Ordovician biogeographic units encounters serious methodologic difficul­
ties, f or the degree of endemism varies in particular groups of organisms
(the sim ila rity of conod ont and di ssimilarity of trilob ite faunas , in
Bohemia and in the Baltic Region, discussed below , may serve as an
excellent example in this res pect). Even with the assumption of an
equivalent number of endemites, regardless of taxonomic group, th is has
to result in making the rank of a bi oge ographic unit dependent on the
de gree of a taxonomic elaborat ion of faunas . Such an assumption seems
unacceptable since the concept of endemism of a nektonic cephalop od
passing, in its de velopment, the stage of a planktonic la rva is different
from tha t of, for example, a benthonic gas t ropo d who se entire larval
development takes place within eg g capsule.

To avoid an am biguous or ar bi t rary selection of detailed criteria of the
classificat ion , I adopt, for the purposes of the present paper, a simplified
classification of bi oge ographic units , based n ot on postulated internal
in tegr a t ion , but on external limits of the areas occupied by f cosy st em s
and on analogie s with territorial limits of continental ecosystems. In such
a cas e , the poss ibility of determining obj ectively the boundaries is limit ed
by the possibility of find ing di screte boundaries in the zones of activity
of these external factors. These may be seashores, a boundary of a
continental shelf, a thermocl ine, a zone of convergence between warm
and cold currents , a range of an uplift supplying biogens, etc.

Such bioge ographic units can be treated as ec osystems, in this
particular case having a somewhat higher rank than that traditionally
employed (d . Kauffmann and Sc ott 1976). The concept of ecosystem in
ec ology u sually concerns a possibly small biocoenosis (community) ,
t oge ther with its abiot ic environment, wh ich may function as a system
that is closed w ith respect to the fl ow of bi ological in fo rm a tion (that, is,
functional informat ion contained in living systems and made u se of for
con trolling the fl ow of energy and matter between living and inanimate
systems). An ecosyste m is of course open to the flo w of energy and matter,
t ogether with struct ural inform at ion contai ned in it., Thus, this -is a
system with a sta b le bi ological inforination content . Refuting the conc ept
of an internally integrated di screte t ype of mar ine community (Hoffman
1979), induces one to seek an e qui va len t for continental ec osystems w ith
t he prope rties presented above (such as a forest, lake, etc.) at a' higher
level of organ iza tion of marine communities. The term ecosystem (as
a system with an almost closed cycle of bi ological information) may be
ascrib ed t o t he epicontinental sea' limited by the margin of the shelf and
to the shore of the continent separati ng it from adjacent se as. And this
is the meaning of bioge ographic unit that I adopt in this paper. The
MacArthur a nd Wilson's (1963 , 1967 ; see a lso Williams 197 6) model of
land bi oge ography may be applied t o a marine ecosystem understood in
th is way.
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In contrast to Recent marine ecosystems, studied by ecologists, the
climactic fossil ecosy ste ms ha ve a significant time dimension. From it s
existence there foll ows the necessity of taking into account the fl ow of
and changes in biological information content of fossil ecosystems. These
changes are expressed in the foll owing biogeographic processes:
(1) Evolution in particular species (debatable, however, is the integration

of ev olutionary processes within ecosy stems, d . Boucot 1975);
(2) Shift of commu'nities within ecosy stems (faunal shift, Jaanusson 1976) ;
(3) Migrations of species from other ecosystems, wh ich may lead, in the

scale of ge ological time , to changes in MacArthur and Wil son 's (1963)
faunal equilibrium. .-
There is a possibil ity of forming a hierarchical system of biogeo-

graphic units with a varying degree of informational "leakage" . Two such
units, with their meaning defined below , w ill be used in m y further
considerations:
(1) A provinc e understood as an area of occurrence of marine com­

munities between which a free fl ow of species occurs. The Ordovician
epicontinental Baltic Sea or present-day North Sea may ser ve here as
typical examples.

(2) A r ealm understood as an assemblage of provinces separated from
each other by t opographic barriers (for example, an ocean deep) which
make faunal exchange difficult but not im pos sibl e, This as semblage
is separa ted fr om others by hydrographic bariers emphasizing climatic
differences and strongly limit ing mi grati ons (for example , boundaries
of continents, con vergences of marine currents, etc.). The Recent
Antarctic region, separated by the Antarctic converg ence, is .a typical
exam ple in this r espec t.

SY S TEMATIC DES CRIPTI ONS

NOMENC LATURE OF PARTICULAR ELEMENTS OF THE CONODONT
AP PARA TUS

At present, a t least five di ff erent systems of design a tin g the types of elements
of the cono do nt a pparatus are em ploy ed in con odont literature (see Sweet 1981).
They may be combin ed . to form two groups : (1) a gro up in which the names of
types of elements hav e been formed after the best known form-genera of conodonts;
this syste m do es not give a ny information on the m utual sit ua tion and number of

. elemen ts and, if necessa ry, ena bles in cluding by "i nterca lation" new ty pes of
e lemen ts ; (2) a group ' of systems de ri ved f r om the ex is tence of that is kn own
as a transiti on series and den oting elements of these series by con secu ti ve let ters
or combinations of letters which im pli es a d efinite seq ue nce a nd number of element
types in an apparatus (Sweet and Schonlaub 1979; Sweet 1981).

. Desp it e the op inion of Barnes et al. (1979), m ost cono do nts had appara tus es of
similar st r uc tu re, as ind icated by the possibility of hom ologizing the str uctu re of
apparatuses of ramiform elemen ts f ro m the Ord ovician to the' Triassi c (Dzik and
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Trammer 1980) . Likewise. as show n by the few data on Ordovician na tural a ssembla­
ges (clusters) of coniform elements (Now lan 1979 ; Aldridge 1982 ), their st r uctur e '
is similar. The existence of an apparatus with a secondar ily reduced number of '
elemen ts (for example, in Eoplacognathus or Com plex odus) or with e le ments secon­
darily r esembling each other (fo r example, Icriodus) do es n ot sh ake this view.
There a re no practical an d th eo retical counteri ntl ica ti ons concerning the application.
of the ea r liest an d m ost w ide ly employed cla ss ific a t ion by J eppson , ch eck ed up­
from the Ord ovi cian (Dzik 1976) t o the Triassic (Dzik an d Trammer 1980) . For
this r ea son , I a lso .employ it in the pr esent paper. An additional ke type of
e le men ts is in trod uced for horn ologues of th e kei sl ognathiforrn e lemen t of Amorpho­

gnathus.

Suborder Prioniodontina Dzik, 1976

R em ark s. - I include d in thi s subo r der (Dzik 1976) conodonts w it h an appa ­
ratus marked by t riramous sp and oz ele men ts; a tetraramous (or four~ribbed),

pI eleme nts is the m ost cha racte r istic fea ture of typical r epresentatives. I also
include here arbit rarily the Panderod ontidae w hich, together with other forms.
origin a lly not having ge nicu late oist odontiform n e e lemen ts in their apparatus"
dese rve t o be sepa ra ted in the fu ture as an independent subo rder.,

Family Panderodontidae Lindstrom, 1970

Emended diagnosi s. - Apparatus compose d of coniform or se rra te d e lements:
w it h a deep basal cavity and characterized by low diversification of elements.

R elat i on ships. - Pander od ontidae di ff e r from the Prot opanderodontidae in
deep basal ca vity of e lements and fr om the rema ining famil ies of coniform cono­
don ts, Dist acod on tidae and Oistodontidae, in that an ne ele ment is not distin­
guish able m orphologically. An e lement resembling, but not necessa rily h om ologous.
w it h the oist od ontiform eleme n t of the Distacod on tidae occ urs on ly in Belodina..

Scalp ellodus Dzik, 1976 sensu LOfgren, 1978

T ype speci es:- Protopa ndero dus latus Van Wamel, 1974.
Rem arks. - In 1976 (Dzik 1976: 421) I cons ide red ' Volkhovian populations of

S. l atus to be cons pec if'ic ' w ith Lasnamagian populations, w hich I assigned to
S. cavus (Weber's , 1966), w hich is based on material s fro m the Ca rad ocian of '
N orth America. Acknowled gin g S. latus as a later sy no nym of the la tte r , I ne­
ve r the les s in dica te d it as type species of Sca lpe llodus, beca use the structure of '
i ts appara tus is much m ore accurate ly studied. As indica ted by LOfgren (1978),
during th e period between the Volkhoviari and Aser ian, Scalpellodus di spl ays
evolu ti ona r y chang es, w hi ch justify the separati on of severa l temp or al species .
(perha ps, it wo u ld be bette r to give them the ran k of temporal subs pe cies ; cf.
Coop er 1981). In the dev el opment of a sharp edge on the posterior part of cusp of '
some types of elemen ts of the apparatus , popula tions of Scalpellodus from the
Lasnamagian see m to be eve n m ore advanced than the Aser ian species S. vi ruen sis
Lofgren, 1978, and they may be cons pecific or a t least close ly rela te d to the
American S. cavus.

As understood by LOfgren (1978), Scal pellodus includes for ms rela te d to Pa n ­
d erodus whose e lem en ts di ffe r in the la ck of a late ral fiss ure. Pa n der odus is
proba bly a descendant of ea r ly representa ti ve s of Scalpellodus. A species with
a sym metric elemen t with two la te ral ca r inae in its apparatus (Co oper 1981 : pl..
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27: 9), w hi ch is unkn own in the Baltic representa tives of this genus, was as signed
by C oop e r (1981) t o S . latus. It seems that this species belongs rather t o Semi a­

·<:on t i odu s and is related w ith S . carinatus Dz ik, 1976.

Scalp ellodus laevis Dzik, 1976
(pl. 2: 3--4; pl. 5: 5a, b)

1976. Scalp.ellodus (? Cornuodus) la evis Dzik: 421, f ig. 13a- c ; pl . 41 : 1.
.-'! 1978. Co rnuodus bergstroem i Serpagli : Lofgren 51, pl. 4: 37, text -fi g. 25D.
' 1 1978. Cornuo dus long ibasi s (Lindstrom) part im; Lofg r en 49-51 , pl. 4: 36, 38 (non

39--42), text-fig. 25B (non A, C).

Mater ial. - Nineteen specimens .
D escripti on . - Elements of S. la ev i s identical with those illustrated by Dzik

· (1976) occur in the Kl abav a Forma ti on. In a dd ition to these ele men ts, w h ich h ave
a n oval, a lmost sy m met r ical transverse section a t the level of the bend a n d

· a lenticulate transverse section in their di s tal par t s (pl. 2: 4), there occur e le m en ts
· displaying a di stinct keel on the en ti r e posterior edge of the cusp (pl. 2: 3), as
well as elements with a twisted axis (pl. 4: 5a). An expanded basal cavity is their

· com m on feature. Some elements have a smooth surface, but in others (pl. 4: 5b) the
· surfac e is delicatel y ribbed longitudinally.

Rem ar k s. - The spectru m of e le ment types p resented a bove is typical of
Scalpellodus. Ornamentation of the su rface of so m e e le men ts is also typical of its

· s pecies (Lo fgren 1978). I did not find e le ments with three ribs on the po ste ri or
margin, either in the sa m ple from the Klabava F ormation or in the Baltic erratics

· (Dzik 1976). Thus, L Ofgren's (1978: 50) claim that S. la evis bel ongs t o Cornuodus
longibasi s (Lindstrom, 1955), seems not to be justified. In Lofgre n 's materials',
the ratio of e le m en ts of C. l on gibasi s with three posterior ribs to a symmetric ele­
m ents is 254: 58 a nd therefore, their lack in m y mater ial ca nnot be ascribed to
small sam ple size. Asl o ra ther u n likely is the occurence in the Klabava F ormation
of a few e le m ents of C. l ong i basi s together with m ore numerous ele men ts of so m e
other species of Scalpellodus. None of th e known species of th is genus (except for

· S. la ev i s w hic h is h ere included in it) has e le men ts with such a stron gly inflated
b ase (d . Lofgren 1978). I d o no t rej ec t a p ossibility that S . la ev i s is cons pecific with

· C. l ongibasis but I h esi tate to use the latter name fo r the Bohemian population
until di agn ostic for th e genus Co rnuod us e le men ts w ith three posterior ribs are

. f ou n d.
Distri bution. - P . origin alis Zone (Volkhov ian ) t o E. r eclinatus Zon e (Lasna rna ­

.g ia n ) of t he Baltic Region a nd Klabavi an of B oh emia (Svatostepansky rybriik near
·Myto).

Drepanodus Pander, 1856

T ype .species: Drepan odus ar cuatus Pander , 1856.

Drepancdus d . arcuatus Pander , 1856
(p I. 3: 5-7)

1966. D r epan odus sp.; Sp inar et al .: 986, f ig, XIII-28.
.1978. Drepa nodus arcua tus P ander ; Lofgren: 51, pl . 2: 1-8.

Mater ial. - Tw en ty- tw o specimens.
R emark s. - Elements of this species from the Klabava Formati on are not
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different from Ba ltic ones. The re occ ur both st ra igh t, d repanod onti form elements
and "oistodonti for rn" ones that a re strongly bent at the base of cusp. D r epanodus
e le men ts are hyaline, but, as a resu lt of the prepa r ation method he re e m ployed,
they do not d iff er fro m e le men ts of genera m arked by the pre se nce of w hite m a tter
in the cusp. This prec ludes di stinguishing so me juve n ile e lemen ts of D r epanodus
from similar ones of Drep an oi stodus. I

This species differs from Drepanodus f r anc on ic us (Sannemann, 1955) from the
Frankenwald in bending of cus p of "oi stodontiform" e le me n t just above the basal

~~~ -
Distribu tion. - Supposedly w or ldw ide (cf, Lofgren 1978). Klabavian of Bohemia:

Sva tostepansk y rybnik (calcareous tuffite), Ejpov ice (calcarous tuff it e) and Klaba va
(shales).

Family Distacodontidae Bassler, 1925

Eme nded diagnosi s. - Conod on ts w it h a n apparatus of con ifor m e le ments; ne
el ement with sharp margins and with an in cision below the posterior margin (oisto­
dontiform), tr ele me n t with a shar p anterior margin (suberectiform), a n d' lateral
processes that are la cking or ve ry weakly dev el op ed.

R el at io n shi ps. - Dista cod on tids di ffer from the close ly r elated Oistodon tidae
in havi ng tr elemen ts with out late ral pr ocesses.

Drepa no is todus Lindst rom, 1971

T y pe species: Oisto du s f orceps Lindstrom, 1955.

Drepanoistodus forc eps (Lindstrom, 1955)?
(pl. 3: 1-4)

1974. Drep imoi sto dus f or ceps (Li nll strom); Van Wamel : 64-65, pl. 2: 14-22.
1976. Drepan oisto dus su berect us fo rce ps (Li ndstrom) ; Dzik: 432, fig. 19a-k.
1978. D r epanoist odus basio valis (Se rg eeva) ; Lo fg ren: 55-56, fi g. 26B-C, pl. 1:

11- 17.
1978. , D r epan oi st odus? cf. ve nust us (Sta uff er) ; Lofgren: 56-57, pl. 1: 7-8.
1978. Drepano i st odus? ven ust us (S tauffer)? Lo fg r en: 57, p l. 1: 9- 10.
1979. Drepa n oist odus basi ov al i s (Sergeeva, 1963); Bednarczyk: 424, pl. 4: 13-14.
1979. Drepa n oi sto dus forceps (Lindstrom, 1955); Bednar czyk: 425, pl. 4 : 8, 5: 7,

pl. 7, 6: 12.

Material. - Dre panod ontiform ele m en ts (sp + oz + pi + hi) - 47 specimens ; ne­
18 specimens ; t r (suberectiform) - 5 spe ci men s.

R emar k s. - Van Wa mel (1974: 65) was th e fi rs t to observe that "the ois to diform
e lemen ts are hi gh ly va ri a b le. Forms descr ib ed as Oist odus basio v alis Sergeeva
oc cur to gether w it h forms described as Oist odus forceps Lindstrom and intermedia te
forms . F rom ,be low upwards in th e stra tigra ph ic seq ue n ce, th er e is a grad ua l
increase of the relative amount of Oi st odus basi oval is form s per fauna." I al so
f ound a sim ilar variability in the n e e le men t from Ba lt ic er ratic b oulders (Dzi k
1976: 402).

To explain the occurrence of ne ele ments of the ty pe of Oi st odus f orceps in
s a m ples di spl aying a predominance of O. basiovalis, Lofgren (1978) suggested the
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occurrence of the species D.? ve n us tus , in dependent of the D. forceps - D. basio­
vaHs group and hav ing exclusively ne elements of the ty pe of D. forceps. T o
support her thesis, she me ntioned changes in the proportions of the co n tent of
d repanod on ti form a nd oistodontiform (n e) elements in samples that she assigne d
to D. forceps (o lder) and D. basio vaH s (younger). Due to strongly varying hydro­
dynamic a nd m ech anica l properties of conodonts, I doubt if i t is possib le to r e­
co nstruct their original contribution to an apparatus on the basi s of quantitative
data . Changes in the rati o of particular types of elements occ u r r ing in samples
m ay resu lt from changes in the energy of the environmen t and not necessa rily
from the composition of a ppa ratus. Besi des, ch a nges describ ed by Lofg ren "li e in
a d ecrease in the f requency of the n e ele men t in subsequent sa m ples and, there fore,
co ntrariwise to th e id ea of the fo rmation of D. ? v enust us , a species having only n e
e le ments w hich shou ld increase contribution of ne cle men ts to sa m ples. Lofgren
(1978: 56) a lso sta ted that D. forceps a nd D. basi oval is occ urred' to ge the r th r ough
a ce r ta in ex te nt of time. This is a result of t r ea ti ng these species typologically.
Otherw ise, t h is sho u ld be inter p re ted eithe r a s a resul t of sy m patric speciation
and exti nction of the older species with a certain d elay, or of a ll opa t r ic speciation,
which in volved formation of D. basi oval is e lsewhere, ex te ns ion of its r ange an d
gradual d ispla cement of D. forceps f rom it s ni ch e (cf. Dzik and T r amme r 1980: 73).
I uphold my vie w that D. forceps, D. basioval i s a nd a t least Baltic D. su be rectus are
par ts of one seque nce of phyl etic ev olu t ion . Di ff e rences betw een popula ti on s that
vary in age, w h ich was the basis f or separating these taxa , are so sma ll that
differentiation , in particular of the first tw o s pecies, need s d etailed b iom et r ic studies
of large sa m ples (see fig. 8).

The Myto sa m ple di splays a p red om ina nce of n e e le ments of O. basio vaHs
m orphotype. Accord ing t o L indst rom (1971), O. basiov alis occ u r s on ly in BII~

(Middle Vol khovian), but for t he r easons ,p resen ted a bove I d o not thin k that the
age of the My to sample can be deduced on this basis. Nor th American D. angu ­
l ensi s (Harr is 1962) (se e Eth ington and Clark 1981) a nd Australian D. pit jant i Coop er,
1981, both of com pa ra b le age, have a n e el ement tha t is much m ore r ob ust than
th ose from the Bohemian population .

D ist r i bu t i on. - P ossibly w or ldw ide (d. Lofg~en 1978) ; Ea r ly Ordovician be­
ginning w it h the Bil linge n su bs ta ge. K labavia n of Boh e m ia: Sva t ostepa nsky ry b n ik
n ear My to and Ejpovice.

Family Balognathidae Hass, 1959

Emended d i agn osis. - Con od on ts w ith a highly di ff erentia ted a pparatus, includ ­
ing an e le men t p l with fou r p rocesses (tetraprioniodontiform); sp (amorphognathi­
fo rm ) a nd originally a ke (k ei sl ognathiform) elements with three processe s; a n e
(oi stodontiform or fal od ontiform) ele men t com m on ly with weakly denticulated pro-
ce sse s and a n in ci si on below the cus p. '

Relationsh ips. - Balognathids differ fro m the P rionlodontidae in having ty ­
p ically a n a pparatus w ith d is ti nc t sp ; n d 0 2 e lements ; fr om t he Oi st od on ti dae and
the ea r ly Ozarkodinina in having a te t ra ra mo us pl e le m ent (T etraprion iod us vs.
Cladog nath us form genera ) a nd from the later Oza rkodinina in having a n e ele­
ment devoid of prominent denti cl es on the poster ior p r oces s (F al odus vs . C yr t onio ­
du s form genera ), except for la te species of Amor phogn at hus.

Remar k s. - If, a s proposed below , denticula ti on f or m ed independently in the
Acodus d eltatus -+ Prioniod us transistans -+ Pri on i od us elegans (type speci es of
? r ioniodus) (d. Mc Tavish 1973) a nd A . deltatus -+ Baltoniodus crassulus vel B. bo-
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he m ic us sp. n. -'- B. na v i s (ty pe species of Balt on iodus) (cf. Lindstrom 1971 an d
Van Wamel 1974) lineag es, the family P rioniodontidae is p olyphyl eti c. T o avoid po­
lyphy le tism, A codus Pander , 1856; T r ipodus Bradshaw, 1969 (= Diaphorodus
Ke n nedy, 1980), and Eone op rioniodus Mound -[1.965 (= T r ia ngulodus Van Wamel
1974 and Trigonodus Ni ep er , 1969) sho u ld be a lso in cluded in this family or it
sh ou ld be di vid ed in to Prioni od ontidae s. s. and Balognathidae (in clud ing Balto­
ni odus) . In the la st-named ca se, it a ppe a rs difficult to prese n t a practical d iagnosi s
of th ese fa mili es du e, to a far advanced h om eom or ph y (?) of Prioniodus an d Bal­

ton i odus.
G en era assigned. - Balt on i od us Lindst rom, 1971, Rhodesogn athus Berg st rom and

Sweet, 1966, A m or phognat hu s Branson and Mehl, 1933, Eop l acognat hus Hamar, 1966;
Po lyplacognat hus Stauffer , 1935; Co mplexodus Dzik, 1976. Possibly a lso unden­
tic u la te d Acodus P ander , 1856; Tri pod us Bradsh aw , 1969 ( = Diaphorodus Kenned y,
1980), Eone oprioniodus Mound, 1965 ( = T r ig on odus Ni eper , 1969, T riang ulodus Van
WarneI, 1973) an d St ol odus Li ndstrom, 1971.

Baltoniodus Lindstrom, 1971

Type speci es: Prioniodus n av i s Li ndst rom , 1955.

Remarks. - The type species of P r i on io dus and B alt oniodus h av e a lmo st id entical
a pparatus st ruc ture and ele ments of very si m ilar shape. For this reason, many
a uthors have con sid ered them to be subjecti ve synonyms (Van Wamel 1974; Dzik
1976; LOfgren 1978). It is diffi cult to ci te a characte r tha t wo u ld allow assignmen t
of species unequiv ocally to these genera . According to McT avish (1973) and Lind­
st rom et al. (1974), th e w ide , gaping basal cavity of Balton i odus ele ments is suc h
a charact er. It seems, h oweve r , that suc h a shaped basal cavity is a primary feature
in herited' from Acodus de ltatus and it need n ot necessarily indicate tha t elemen ts
di splaying it bel ong to Balton i odu s. Accor ding t o Lindstrom (1971) an d Van Wamel
(1974), Baltoniodus navis evolve d from A . deltatus, indep endently of the P . elegans
lineage. Ana lys is of the rela tionships of B. bohem i cus sp. n. convinced. me of the
soun dness of this vi ew. Th erefor e, t o avoid cons ide ri ng of a polyphyl etic genus,
I t rea t B altoniodus as a separate genus. The on ly di ff e ren ce between Pri on i odus
an d B altoniodus is in higher diversifi ca ti on of the sp an d 0 2 e le ments in later
species of Balton iodus.

Baltoniodus bohemicus sp . n .
(fig. 2; pI. 2: 5, p l. 4: 1-4 an d pl . 5: 1- 4)

?1974. Prioniodus navis Lindst rom early f or m; Van Wamel: 89, pl . 8: 13, 15.

H ol ot y pe: n e e lemen t, ZPAL CXII/12; pI. 5: 4.
D iagn osis. - A species of Balton i odus ch aract e ri zed by an undenti culated ne

element w it h short processes ; r obust , u nd enticulated sp and oz elements, which a re
p robab ly simila r to each ot her, wea k ly denticulated ke e lement w ith a strong,
unde n tic u lated la te ral process.

M at er iaL - oz + sp + ke e le me nts : 54 specime ns ; pI: 54 spec imens ; h i : 64 spec i-.
mens ; ne : 53 specimens; tr : 15 specime ns .

Rel ation ships. - Baltonio dus boh em icus sp. n. differs fro m B. crassulus (Lind­
s t rom) sensu Van Wamel in having an ne e lemen t with a short pos terior process:
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from B. navis (Li nd st rom , 1955) an d B. t ri angu laris sensu Lindst rom, 1971 in having
an ne element wit h a sh or t, undenticula ted an te r ior process ; f r om B. pseudoramis
(Se rpagli) (? including Acodus glad iatus sensu Ser pagli, 1974) in having n e elements
in which both processes are sh ort...Diffe rences in the mor phology of the remaining
types of e le me nts are more di ffi cult to de term ine due to a cons idera b le va r iabili ty.
Robust sp + oz ele men ts di stinguish B. bohem icu s from all the spe cies mentioned

. a bove except B. trian gu lar is sensu Li ndstrom, 1971, w hich , however, has a more
distinct de nticu lation and di scernible sp (with a la rg e angle between p rocesses) and
oz (shaped like a tall pyra mid) ty pes. B. bohemicu s a lso differs f ro m P. t ra nsistans
McTavish, 1973, w h ich is in the same stage of denticu la ti on devel opment, in
undenticula ted or very in di stinctly denticulated sp an d oz ele men ts and a di stinctly
r ob ust for m of most ele me nts .

Fig. 2. Balto n iodus bohemicus sp. n., Klabava Formation, uppermost Oepi kodus evae
Zone (Arenigian), Sva toste pansky rybnik near MY-to, Bohemia. Recon struction of

particular types of ele ments of the appa ratus.
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D escri pt i on. - Sp + oz element (pl . 4: 1): to these types of e leme n ts I assign
robus t , ' undenticulated ele me nts wi th strongly projecting la teral cos tae . These ­
ele ments resemble in ou t line th e oz (sagittod ontan) e lemen t of Icr iod ella, w ith
a weak ly dev~loped cus p and deep basal cavity. Variability in shape is sma ll ­
I have not observed e lemen ts w it h a w ide angle between the an terior an d' posterior '
p r ocesses (a morpho gnathifor rn) or any w it h incipient denticula tion.

Tr el ement (p I. 5: 1): Most specimens a re weakly denticulated and have a rathe r '
sim ple shape . These e le ments di spla y the sa me type of variability in the sample
as 'the pI elements. .

PI ele me n t (pI. 5: 2): All processes (in con tras t w it h B. crassulus) denticulated :
strongly vary ing in b oth the deg ree of development of denticulation and angle of
dive rg ence of processes. Som e spe cimens are identical in outline w it h correspon di ng
ele men ts of evo lutionar il y advanced spe cies of Baltoniodus.

Ke ,elemen t (pl . 4: 2): Simila r to oz el ement of other species, but r elativel y
com pressed laterally ; posterior pr ocess wit h few , but di stinct denticles. Variability '
sma ll; ex pressed in dev elopment and number of denticles, as w ell as in elongation ,
of the cu sp. It is likely that elements assigne d here to the keisl ognathiform type
ac tua lly rep resent the oz type.

Hi ele me nt (pl. 4: 3,4 ; pI. 2: 5): These are re lative ly ro bus t e lemen ts , with a sh ort
undenticulated anter ior (lower) process, a sha rply tipped la teral pro cess and a high ,
denticulated posterior process. Latera l pro cess w it h a r oun de d su rface , not
homologous with the la te ral process of k e e lemen t, which occurs on the outer side
of the e~ement. The shape and di stribution of denticles a re highly var ia ble, from .
wide ly spaced an d ro bust (pl. 2: 5), through irregul a r (pI. 4: 4) to alternate (pl. 4: 3).
The length of anterior pr ocess is n ot significa n tly vari able; in a ll w ell-preserved
specimens it is rela tive ly short and undenticulated.

N e. ele men t (pI. 5: 3, 4): Almost ide ntical w it h' a h om ol ogous e lem en t of'
A . de ltat us ; that is, it has a sh or t anterior process and a rel atively ro bus t cusp..
Posterior pr ocess cons iderably sh or ter than cusp (in con t ras t to B. cr cssutus). .
Variability sma ll.

Remarks. - Determination of the re la ti onshi p between Baltoniod us bohem icus
sp. n. and B. t r i angularis (Lindst rom) i s of particu la r im portance taxono mica lly an d
biostratigraphically. According to Lindstrom (1-971 : 31, 35), "Balton iodus tr i angu l aris,
(Lindstrom, 1955) occ urs on ly in a thin inte rv al a t the base of BlI«, It is a clums y
looking sp ecies with a w ide basal shea th a nd varia ble, not se ldom sporadic den­
ti culation. Within BlI« , it is succeede d by B. nav is (Lindstrom, 1955) w hich has
a pe rs is te n t and obvious denticula ti on (...) The ois to d ifo r m element (of B. tr ia n­
gularis) carri es incons picuous denti cles anteriorly ." B. t riangu laris was listed as a
sy no nym of B. na v i s by Van Wamel (1974) although he confi r me d the fact that ea r ly
form ele me n ts of B. nav i s have weak denticula ti on an d that a con ti nuo us transition
from A. de ltat us to B. na vis t ook place in hi s se ction s. La ter forms of A . deltatus
display _an undula tion of cris tae. Above them (after a short inte rval occupied by
B. cr assu lus) a gradual devel opment of denticula ti on withi n th e range of B. na v is
occurs. The ea r liest sp e leme n ts of B. na v i s illust ra ted by Van Wa mel come fr om
a rel atively high h orizon , ' that is, fro m the M icrozar kodina f la be llum assem bla ge
Zone (se ction 6, 'sa mple 30, pl . 8: 10). The sa me sample contains ram ifor m ke el ements .
(Van Wamel 1974: pl. 8: 14) with a lateral cos ta and a de nticu lated anter ior pr ocess,
ne e le me n ts with a long anterior process and oz ele ments w it h w ide ly spaced '
incipien t denticles. Van Wamel (1974, pl . 8: 13) al so illustrated h i e lements that la ck
denticles on the anterior process, and pI e lements, w ith w ide ly spaced incipient
den t ic les, which occur in the P . na v i s/P o cr assu lus zone (secti on 6, sa mple 19).
Fe w B. nav is e lemen ts have been recorde d by Van Wamel (1974) as cooccur r ing
wit h B. cr assu lus in this sa mple. I doubt whether it is possible t o se pa rate e le me n ts.
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·ob jecti ve ly (in particular the non-ne ones ) of such cl osel y related spec ies within
one sa mp le. ,B. boh emicus sp. n. may be identical with th ese earliest populations
of B. navis sensu Van Wamel. The possibility of in cluding th ese populations in
B. triangularis is another problem.

With regard to Baltoniodus na v is and B. triangular is, Lo fgren (1978) found that
"the taxon omic rank of these two taxa is not unequivocal, but th ere is undoubtedly
a difference between Prioniodus (B alt oniodus) elements from different levels within
the Early and Middle Volkhovian. The obvious differences between 'early' and ' la te'
rep resentatives is stra ti gra ph ica lly important, and these representatives sh ou ld be
se para te d at lea st at su bs pe cies level." All of Lo fgren's (1978: 120) statistically
m eaningful samp les tha t con tai n B. triangulari s elem en ts , also inc lude specimens of
B. navis, but B. t ri angu l ar is is subo r d inate in those sa mples . This suggests that
e lemen ts r eferred to B. triangulari s by Lofgren (1978) are w eakly denticulated
m orphotyp es of B. 'n av i s and d o no t re present a disti nct temporal sp eci es or sub­
species in the B. na vis evolution ary lineage.

The st ra ti gra phic position of th e h olotype of Balton i odus tr iangularis is of key
importance in understanding the relationship betw een Baltoniodus triangula ris and
B. nav is. The holotype comes from sa mples a t the Bja llu rn locality in Viistergotland,
Swede n (Linds trom 1955: p I. 5: 45). The sa me sam ple also con ta ins typical ele ments
of the evolutionarily advanced B. navis: a hi ele ment with a denticu la ted anterior
process (Pr i on i od in a densa, op . cit.: pl . 5: 20) an d a sp element with s tr ongly developed
denticulation (op. ci t.: pI. 5: 34). These c le men ts were included by Lindstrom (1971)
in the syn onymy of P . tr iangu laris, to ge the r with Oistodus l inguatus ex te nuat us
(Lindst rom 1955: pI. 3: 42) from sa m p le a t Bjallurn, which is a typica l n e e lemen t
Qf P . navis. Thus, B. triangula r is appears so si milar to B. navis that it may be
considered a subje cti ve sy no nym of B. navis (per haps it s earliest temporal sub­
s pe cies). The name B. triang ular is cannot be used to designa te population s that
preced ed in time the a ppe arance of we ll denticulated and showing w ide angle of
d iverg ence of pr ocesse s of sp a nd 0 2 elements. B. bohemicus may represent this
grade of th e evolu tion of B. nav is lineag e. Then, ? bohem icus s p , n . w ould be a
temporal species (or subs pe cies ) covering the segmen t of phyle ti c evo lu tion be tween
A codus deltatus a nd B. na v i s, begi nn ing with th e appea rance of denticles on
b ranch ed e lements of the appa ratus a nd extendi ng to the lev el at which denticles
a ppear on n e e lements and di stinction between sp and 0 2 elements devel opes.

D i stribut i on . - Klabavian of Bohemi a , Sva tostepansk y ry bnik near My to ;
.possibly u pp ermost Billingen of Baltic re gion.

Baltoniodus sp .

R emarks. - Single sp e lemen t , rob ust but with a distinct den ti cula ti on ; 0 2 and
p I e leme n ts with ind istinctl y denticula ted processes and a very slen der outline, as
well as an ne eleme n t from Osek belong to some species of Baltoniodus. 0 2 and p I
ele m en ts of this type occu r sub ord ina te ly even in evolution arily advance d po­
pulation s of Balt on iodus. This ma teri al is in sufficient for amore accurate identifica­
tion of the specie s. The speci mens discu ssed diff e r from the el ements of B. bohemicus
sp , n. from the Klabava Formation in sma ller dimensions and da rk coloration (th e
r ock fro m which they wer e se pa ra te d was bl ack) . Denti cu la ti on of the sp el ement
proves that it represen ts species cons ide ra b ly more advanced ev olu ti on a r ily than
B. boh em icus.

D i st r i bu t ion . - Sarkan of Boh emia , Osek (siliceou s co ncretions of the Corymbo­
,g ra p tus r etrofl ex us Zon e).
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The assemblage of conodonts from a tuffite bed of the Klabava
Formation at Svatostepansky rybnik near Myto contains specimens
representing four conodont species, Scalpellodus laevis Dzik, Drepanodus
arcuatus Pander, Drepanoistodus forceps (Lindstrom) and Baltoniodus
bohemicus sp. n., whose elements make 'up 72 per cent of all specimens
in the sample. Drepanoistodus forceps (Lindstrom) supplied about 18 per
cent of the elements. The remaining two species, Scalpellodus laevis Dzik
and Drepanodus crcuarus-Pander contributed 5 and 6 per cent respecti­
vely of all elements produced by the community of conodonts. If the

a

VOLKHOV KUNDA AS E R I LASNAMliGI

Fig. 3.. Composition of the conodont as semblage from My-to (d) compared with
time changes in the composition of the Early Ordovician conodont assemblages from
the Baltic biogeographic province. a Jamtland, based on Lofgren's (1978) data,
considered sample sizes from 221 to 915 specimens. b Estonia and erratic boulders
from northern Poland (source area - southern Sweden and floor of the Baltic
sea), data after Dzik (1976), sample sizes 71 to 1898 specimens. c M6jcza Limestone,
Holy Cross Mts., Central Poland, data after Dzik (1978), sample sizes 58 to 882
specimens. Note that the distribution of specimens in particular samples is a direct
function of relative biological productivity of particular species, not their biomass

(Dzik 1979).

:l Acta Palaeontologica Polonica Nr 3-4183
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number of elements in the apparatus of various species was approximately
the same, as indicated by composition of natural assemblages, the role of
conodonts in the fossil assemblage (disregarding taphonomic factors) was
a function of the role of particular species in biological productivity of
the community. Elements of Scalpellodus are somewhat smaller in average
dimensions than elements of Baltoniodus and Drepanoistodus, whereas
Drepanodus produced much larger elements . If element dimensions were
correlated with body si ze this might mean that the role of Drepanodus in
biomass production was considerably greater than that of Scalpellodus.

Species from the Klabavian of Bohemia, or forms closely related to
them, ' are common in the Lower Ordovician of the Baltic Region and
quantitative proportions in Baltic samples containing them are similar.
That is, species of Drepanodus and Scalpellodus is greater and species

... of Baltoniodus are commonly predominant (fig. 3). Unfortunately, I have
no data on the structure of assemblages from the highest Billingen
substage, which in all likelihood are of the same age as the My to fauna.
Sample Ot-l0 containing Baltoniodu s crassulus (Lindstrom) sensu Van
Wamel (top of Ottenby cliff, Southern Oland, Sweden; early Oepikodus
evae Zone, Upper Billingen) is quite different from the My to sample and
is dominated by Oist odus, Oepikodus, Drepanodus, Paroistodus and Scolo­
podus. Samples from the Volkhovian and Kundan (d. Dzik 1976, 1978;
Lofgren 1978) are more distinctly .similar . All samples known to me fro m
the Baltic Region and the Holy Cross Mts. differ conspicuously, however,
in containing twice as many species as are found at My t o. These dif­
ferences are clearly visible ondi~grams illustrating the percentage of
particular species and changes in faunal composition that t ook place in
time (fig. 3). Application of a diversity index, calculated according to the
same principles as the Shannon information index, for the purposes of
comparing fossil assemblages, was suggested by Berry et al. (1979). The
diversity index calculated according to the Shannon's equation for the
conodont assemblage of Myto is D = 0.40 and departs conspicuously from
that calculated for most Baltic samples, such as those of Jamtland
(Northern Sweden; Lofgren 1978) which are closest in age and display
the following values: sample J. 74-28, D = 0.76 (n ~ 323) and sample
J. 69-70, D = 0.76 (n = 489), sample from the Upper Volkhovian of
Sukhrumagi, Estonia (Dzik 1976); D = 0.67 (n .- 546), from O. evae Zone
of Ottenby, Oland, D = 0.85 (n = 1965), erratic boulders of the P. originalis
Zone (Dzik 1976): sample E-116, D = 0.73 (n =1898), sample E-n9,
D = 0.75 (n = 217). A similar value for the diversity index is displayed
by a sample, closest in age, from the M6jcza Limestone (Holy Cross Mts.,
Poland, Dzik 1978): MA-14, D = 0.74 (n = 725).. One may find in the
Baltic sections particular samples displaying rather small diversity, for
ex ample, sample J. 70-8 (Lofgren 1978) in which D = 0.65 (n = 706), but
that sample is n ot similar in compositi on t o the one from Myto and
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contains representatives of ten conodont species. The low value of the
latter index results from the fact that the sample is dominated by two
species, Baltoniodus praevariabilis medius (Dzik) and Microzarkodina
ozarkodella Lindstrom.

It seems unlikely that the structure of the assemblage from My-to
could correspond to a random fluctuation in the structure of the Lower
Ordovician conodont faunas of Bohemia. Thus, the data presented above
may be considered to support the thesis of a cold-water character of the
Lower Ordovician basin of Bohemia (Spjeldnaes 1967; Havlicek and
Branisa 1980). This is indicated both by the diversity-index value and by
the small absolute number of species represented in the sample. In the
Klabava sample, there occur exclusively the species known also from
the Baltic Region, which is considered to have been in the cold-climate
zone (Lindstrom 1'976). At the same time, these are species that dominate
quantitatively in Baltic assemblages.. On the other hand, no species
common to the Baltic basin and the American equatorial seas, for ex­
ample, representatives of Ozarkodinina and Oistodontidae, occur in
Bohemia.

a~

b~
~

C~. ~

Fig. 4. Facies distribution",in the Early Ordovician of Europe. Not palinspastic ; aft er
Dzik (1978); a graptolite snales and flysch; b, Ie deep and shallow subli t t oral facies

(mainly carbonates). .
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EVOLUTIONARY AND PALEOBIOGEOGRAPHICAL RELATIONSHIPS
OF THE CONODON'I'S FROM THE KLABAVA FORMATION

Late Latorpian conodont faunas are know from numerous sections
(La. Bergstrom and Cooper 1973; Landing 1976; Lofgren 1978 ; Fahraeus
and Nowlan 1978; Tipnis et al. 1978; Cooper 1981) in many different
parts of the world. To determine the age interval of the My-to fauna
sections that include parts of the Acodus~ Prioniodus and Acodus~
~ Baltoniodus transitions and whose descriptions are based on recon­
structions of conodont apparatuses are particularly important. These are
primarily sections of the Emanuel Formation, Australia (McTavish 1973),
the San Juan Formation, Argentina (Serpargli 1974) and the Bruddesta
F ormation, Sweden (Van Wamel 1974).

Outside the Baltic Region, faunas of about the same age as those
of My-to are very little known in Europe. In the Holy Cross Mts., the
area closest geographically and faunally to the Baltic Region, a fauna
of this type occurs in calcareous intercalations within the Bukowka
Sandstone (Bednarczyk and Biernat 1978) but, unfortunately, it has not
yet been described in detail. A list of species presented by Bednarczyk
(op. cit. : table 2) includes forms that should not occur together, for
example, Paroistodus amoenus, P. parallelus and Baltoniodus navis. The
fauna of Rzeszowek in the Kaczawskie Mts (part of the Sudeten Moun­
tains) probably younger than, Klabavian (Baranowski and Urbanek 1'973),
has also not been described as yet in terms of conodont-apparatustaxo­
nomy. In Central Europe, this is the only non-Late Ordovician .fau na
that displays distinct r elationships with the North American Midcontinent
fauna (Lindstrom 1976).

The only Central European faunas described that may by closely
related to those of Bohemia come from the Frankenwald (Sannemann
1955) . Insofar as these faunas can be "translated" into apparatus taxo- /
nomy, they contain:
Fundpunkt 1', 1 km NW Baiergrun (Randschieferserie) - Cornuodus
longibasis (Lindstrom, 1955), Protopanderodus d. rectus Lindstrom,
Drepanoistodus d. forceps (Lindstrom), Acodus? sp.
Fundpunkt 2, Hoher Berg, NNO Baiergrun (Randschieferseries) - Bal­
toniodus sp, (praev ariabilis Fahraeus), Drepanoistodus sp., Dapsilodus d.
viruensis (Fahraeus).
Fundpunkt 3, between Thron and Schonwald - Drepanodus franconicus
(Sannemann), Drepanoistodus d . forceps (Lindstrom).

The fauna of Fundpunkt 2 is probably considerably yo unger than that
to My-to, and the fauna of Fundpunkt 1 may be ' of the same age or

l .
somewhat older. The fauna of Fundpunkt 3 was assigned by Lindstrom
(1976) to a separate conodont zoogeographical prpvince known as the
' franconicus fauna '. Acc ording to Lindstrom, that fauna also occurs in
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-
the Lower Loire Valley, France, where it is associated with elements
of the North" American quadraplicatus fauna. Drepanodus franconicus ,
which differs from the Baltic D. arcuatus in having m ore arcuately curved
cusp , is a characteristic element of this fauna . Except for this species,
all others de scribed by Sannemann (i955) may be identical with ones
known from the Baltic Region. According to Lindstrom's (1976) inter­
pretation , the fauna of Fundpunkt 3 is older than that of My-to.

In the Ma ssif Armoricain, France, another region related paleobio­
geograph ica lly with Bohemia, con odonts are known only from the Llan­
deillan Postolonnec Formation , wh ich is considerably younger than the
Klabavian and Sarkan. That fauna is dec idedly different than contem­
poraneous Baltic ones (Lindstrom et al. '1974).

As mentioned above, Baltoniodus bohemicus sp. n. can be compared,
in the' degree of development of its denticulation and the structure of
apparatus, with Prioniodus transitans McTavish from the Emanuel F?r­
mation of Canning Basin, Australia, Baltoniodus pseudoramis (Serpagli)
fr om the San J uan Formation , Argentina, as well as with Baltoniodus .
cra ssulus (Lindstrom) sensu Van Wamel, 1974 ( = Gothodus costulatus
sensu Lindstrom, 1'971) and B. triangularis sensu Lindstrom, 1971 from
earl ies t Volkhovian of Sweden. Determinig the actual relationships of
B. bohemicus sp. n. implies, fr om the biostratigraphic viewpoint , the
necessit y of determining whether the My-to fauna is old~ or yo unger
than the Po elegans Zone. .

I prefer to interpret Bohemian species as a form close to the oldest
Baltoniodus and not to Prioniodus for the following reasons :
(1) In t.he A. deltatus -+ P. transitans -+ P. communis lineage (ci .
McTavish 1973), the sp + oz element displays an early appearance of
denticulation on it s posterior process, whereas the comparable element
of early species of Baltoniodus and B. bohemicus is undenticulated.
Ra mifo r m ele me nts of Po transitans 'ar e also considerably mor e idelica te
than those of B. bohemicus.
(2) Conodonts associated with B. bohemicus sp . n o, although not bi o­
stra t igr aphically diagnostic- sugges t post-P. elegans Zone time. A similar
age is su ggested (although it is a rather r isky in ter pr eta t ion) by structur e
of the as semblage, which resembles that of Early Volkhovian assemblages
ra ther than Late Hunnebergian or Early Billingenian ones.
(3) The absence of unequiv ocally non-Balt ic species in the My-to assem­
blage suggests that the Bohemian cono dont fauna have a closer biogeo­
graph ic relation wi th those of the Baltic Region than with Australian or
Argentinian ones.

The relationship between Baltoniodus bohemicus sp. n. and other
known species of Baltoniodus cannot be unequivocally determined on the
basis of available da ta. The rela ti onship between B. crassulus and
B. boiiemicus seems to be of particular significance because the two
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F ig. 5. Proposed interpretation of evolutionary and pal eozoogeographic relationships
of BaUoniodus bohemicu s sp , n . Data partially afte r Mc'I'a vi sh (1973) and Van Warnel

(1974).
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species differ from one another generally only in the shape of the
p osterior ' process of their ne elements. There are at least two possible
types of relationships between them, however" which require testing:
(1) B. crassulus and B. bohemicus sp. n. are parts of the same phyletic
sequence and represent two temporally distinct segments of one species
evolving in its entire area of .distribu tion . In this case, one would need
to determine the place of B. bohemicus sp n. in this evolutionary sequence
and demonstrate that it was an ancestor or descendant of B. crassulus.
If it is profitable to speculate in this direction, one would prefer a second
solution . That is , due to the robust form of B. bohemicus elements, its
t ra ns it ional place between B. crassulus and B. triangularis sensu Lind­
st r om, 1971, seems to be more probable. The form of the ne element of
t h e latter, which departs from the postulated evolutionary trend from
A. deltatus -+ B. bohemicus -+ B. triangularis, as well as the presumable
distinct zoogeographic. dissimilarity of the Bohemian ecosystem (discussed
below) , seem to be arguments against a close relationship between
B. bohemicus and B. crassulus.
(2L B. crassulus and B. bohemicus sp. n . are species that evolved allo­
patrically from A. deltatus and are at least partially coevaL(fig. 5). This
int erpr eta t ion , does not preclude a relationship between B: bohemicus
a nd .8 . tri angularis. B. navis early form sensu Van Wamel, 1974, could
represent a late population of B. bohemicus who se range was extended
to in clude the Baltic province.

Hypothesis 1 is difficult to 'falsify, because such falsification would
requir e unequivocal' proof of discontin uity ni the temporal su ccession
fr om B. crassulus ,...+ B. triangularis (which may be impossible w it hin t he
metho do log ical limits of paleontology) , or of ge ographic discontinuity
between t he Baltic and Bohemian popula ti ons of Baltoniodus (which is
im possible ' to attain in practice) . Hypothesis 2 may, easily be falsified
by prov ing the continuit y of the B. crassulus -+ B. triangularis transfor­
mation. F or this r eason, I assum e it in the presen t paper (fig. 5).

SIGNI FICANCE OF NON-CONODONT FAUNAS FOR A BIOSTRATIGRAPHIC
CORRELATION AND BIOGEOGRAPHICAL ANALYSIS OF THE BOHEMIAN

EARLY ORDOVICIAN

The data presented above indicate a close relationship or identity
of the L ower Ordovician conodont faunas of the Barrandian and the
Baltic Region and oppose previously accepted views concerning biogeo­
graphic di ssimilarity of the two r egions. Because the biostratigraphic and
paleozoogeographic consequences of accepting this interpretation of
Klabavian and Sarkan conodont faunas are far reaching, it seems necess­
ary to confront them with data concerning other faunal groups and
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possibly determining the causes of such a great differentiation of some
and identity of some other faunas occurring in these regions. Equally
significant is the necessity of checking the biostratigraphic conclusions
that result from analysis of relationships of conodont fauna by me ans of
data from a similar analysis of other taxonomic groups.

Fossil assemblages from clastic deposits of the Klabava Formation
are of low diversity (d. Havlicek and Vanek 1966) . Only graptolites and
trilobites have been described in detail taxonomically. Graptolites have
been the basis for age correlation between the Bohemian Ordovician and
that of other regions. Beds that crop out of the Svatostepansky rybnik
locality were included by Boucek (1973) and Kraft (1977) in .the local
Tetragraptus reclinatus abbreviatus Zone. On the basis of a general
character of fauna, Boucek (1973) correlates the T. r. abbreuuitus Zone
with the Isograptus gibberulus 'subzone of the D. extensus Zone of the
British standard. This dating is similar to the one that results from the
above-presented interpretation of evolutionary relationshipsof conodonts.
According to this interpretation, the Myto beds could correspond to the
uppermost part of the P. evae Zone; or , in conformity with the cor­
rela t ion of graptolite and conodont zones (Bergstrom and Cooper 1'973),
to the boundary between the D. nitidus .and I. gibberulus subzones. The
degree of paleobiogeographic diversity of graptolite faunas of the Bohe­
mian and Baltic Lower Ordovician is difficult to .determine on the basis
of available data . However, it is possible to state that many common
Bohemian forms are unknown in the Baltic Region (d. Boueek 1973 ;
Berry 1979) . Analyzing graptolite assemblages from the biostratigraphic
and paleozoogeographic viewpoints, one should bear in mind their peculiar
biological character, namely the presumably hermaphroditism or
parthenogenesis of graptoloid graptolites (Kozlowski 1960; Spjeldnaes
1963).- It follows from the manner of colony formation in graptolite
(Rickards and Crowther 1977; Andres 1980) that evolution of rhabdosome
form is evolution in behavior and not in animal morphology as is the
case with other colonial organisms. Thus, neither the population concept
of species, nor the methodology of biostratigraphic conclusions based
on it, are applicable to the Graptoloidea (Dzik and Trammer 1980) . For
example, the problem of British and American correlations of the D.
bifidus Zone (Bergstrom and Cooper 1973; Fahraeus 1977), is a symptom
of problems resulting from the equivocality of graptolitic biostratigraphy.
From this viewpoint, it would be also necessary to consider the signific­
ance of the diachronous appearance of biserial diplograptids in the.Baltic
Region and Bohemia (Bulman 1963; Jenkins 1980).

Dissimilarity of the trilobite faunas of the Baltic Region and Bohemia
(Whittington and Hughes 1'972, 1973) has been strongly emphasized. This
dissimilarity is more distinctly visible in Sarkan than in the Klabavian,
due mostly to differentiation of the asaphids in the Baltic fauna. However.
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it is not clear' to what extent this is the result of paleozoogeographic
dissimilarity of entire regions or to what extent the differences ensue
from a dissimilarity of the facies , carbonate ones in the Baltic Region
and clayey ones in Bohemia, from which most paleontological materials ,
come. This also applies to Bohemian relationships' of trilobites from the
Arenigian of Thuringia (Volk 1960; Struve 1971). Convergence of Baltic
and Bohemian assemblages in the Upper Ordovician (a.o. Kielan 1959)
is related to a convergence in facies. The present remarks may be also
applied' to brachiopods (d. Williams 1973; Sheehan 1973; Havlicek and
Branisa 1950).

The single species of gastropods mentioned by Havlicek and Vanek
(1966) from the Klabava Formation, that is, the hyperstrophic Mimospira
helmhackeri (Perrier), is unimportant to paleozoogeographic considerations,
although its close relative may be found in the Baltic Ordovician (Wang­
berg-Eriksson 1979; Dzik 1983). A relatively diverse fauna of mono­
placophorans and gastropods from Sarka Formation concretions, however,
requires detailed comparison with Baltic forms. According to the
assumption adopted a priori on the dissimilarity of Baltic and Bohemian
faunas, the possibility of their relationships is ' not even discussed in
monographs (Horny 1963; Yochelson 1963) concerning .,gastropods and
monoplacophorans of Bohemia and the Baltic Region. At least some of the
species described 'fr om the Barrandian, for example, the bellerophontid
monoplacophoran Sinuitopsis neglecta Perner, also occur in the Baltic
region (Dzik 1981).

, The typically "Mediterranean" pelecypod Babinka also occurs in ' the
Kundan of the Baltic Region (Soot-Ryen 1969). The ribeirids, a Mediterra­
nean group of mollusks related to pelecypods, are not uncommon in the
Baltic region, although they have not yet been described.

Opercula of Baltic hyoliths are not known well enough to allow
a comparison between them and hyoliths of the Sarka Formation (Marek
1976), but relationships within the limits of particular lineages and
migrations between these provinces are probable (Dzik 1978b, 1980).

Echinoderms are a group of organisms that 'most distinctly express
dissimilarity between the Baltic and Bohemian ecosystems. However,
comparisons are possible only beginning with the Sarkan because echino­
derms are unknown in both the Bohemian Klabavian and the Baltic Lator­
pian. There is almost no similarity between the echinoderm fauna of the
Sarka Formation and that of the Baltic Lower Ordovician. Particularly
spectacular is the abundance of carpoids in the Bohemian Lower
Ordovician and their complete absence from the Baltic region. Only in
the Lower Caradocian (Kukrusean) does the first Baltic carpoid appear.
It is Heckericystis which is closely related to Lower Ordovician carpoids
of Bohemia and probably descended from them.

Some hope for explaining the paleozoogeographic dissimilarity of the
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Bohemian and Baltic regions may focus on the ostracods, which are
equally as common in the Klabavian as in the Sarkan and have recently
been -invest igated by Dr Miroslav Kruta, Ustredni geologicky ustav,
Prague. The fairly diverse assemblage of ostracods from Svatostepansky
rybnik includes forms that display distinctly Baltic affinities (fig . 6) and
this is not an exception among Bohemian Ordovician ostracods (Shall­
reuter and Kruta 1980). One of these species (fig . 6a) is m orphologically
transitional between Baltic species of Glossomorphites (Hessland 1949)
and later species of the Bohemian Cerninella (J aanusson 1957; Pribyl
1966, 1"979). Among Baltic ostracods, forms of Glossomorphites described
by He ssland (1949) from the Lower Ordovician of the Siljan area, Central
Sweden are closest t o this species. 'I'enspecies were separated by HfSS­
land within an in ter val from Upper Volkhovian t o Aserian, but 'chis
differentiation seems t o include, at least pa rtially , sexual dimorphism

.an d intrapopulat ional variability. The species fr om the Klabava F orma-
tion differs from its nearest m orphotype, G. tenuilim batus (Hessland,
1949), in narrower lobes and a ve ry narrow sulcus (S 3) be tv -een its
poster ior lobes (L 3 - L 4).

Fig . 6. Ostracod s from t he Klabava Formation (Svatostepansky rybnik) sh owing
Baltic affini ties. a C er n inella sp : n . b Pyxion sp, Both x 80.

The differences, as compared wi th the Bohemian species Cernine lla
com plicata P ribyl , 1966 from the Sarka F ormati on (Pribyl 1966, 1979),
the closest in age, are of a quite opposite character. C. complicat a has
sharp lobes, a considerably wider S 3 and its histial ridge (possibly
homologous with the connecting lobe of Ta llinell a) is situated somewhat
above the lowe r marg in of the te st . We can presume that the Bohemian
'species of Cerninella are a phylet ically evolving ass emblage of popula­
tion s. The trend of evo lution is de termined by changes in the shape
(expansion) of S 3 and the conversion of a histial ridge in to a connecti ng
ridge. If we determine the ratio of the width of S 3 t o the distance bet­
ween the dorsal margin of te st and the connecting ridge, this index fo r
the species fr om the Klabava Format ion (fig. 6a) amounts t o abou t 3.1;
to about 2.1 for C. complicata from the Sarka Formati on ; an d to about
1.5 for C. bohemica from the Vinice F ormation . At the same time, chan­
ges within the limits of the Baltic genera Glossomorphites and Sigm o-
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opsis are expressed in the extension of lobes marked by a peculiar orna­
mentation and in the contraction of sulci.

Divergent evolution of Cerninella and the Glossomorphites-Sigmoopsis
st ock may be interpreted as an example of allopatric speciation resulting
fr om a divergent phyletic evolution of geographically isolated popula­
tions. It is likely that in the Early Arenigian (Klabavian) a Baltic repre­
sentative of Glossomorphites settled the epicontinental sea of the Mol­
danubicum and there started an independent evolution, which led in
Bohemia to the formation of Cerninella convergently likened to the
Baltic Tallinella (d. Jaanusson 1957). Of course, the direction of expansion
could also have been in the opposite direction, but no data are avail­
able concerning earlier faunas of ostracods, either in Bohemia or the
Baltic Region .

Nektonic organisms, such as nautiloids, which are not so closely con­
nected with facies as the benthonic ones discussed ab ove and, in contrast
to the graptolites, have an unequivocal bi ological character, may serve
for veri ficat ion of the hypothesis of the divergent evolution of Bohe­
mian and Baltic communities in the Early Ordovician. Unfortunately ,
no data on nautiloids from the Klabava Formation are available . Five
species unquestionably dissimilar to each other have so far been des­
cr ibed fr om the Sarka Formation. They are: Bath-rhoceras complexum
Barrande, 1856, Bactroceras sandbergeri (Barrande, 1868) (= Tretoceras
parv ulum Barrande, 1868; Dzik 1'982a), Ormoceras bonum (Barrande,
1868) (? = Orthoceras occultum Barrande, 1868), Endoceras? peregrinum
(Barrande, 1868) and 1ntejoceras? nouator (Barrande, 1868). The first
four are proba bly conspecific with Baltic species of the same genera
(cf. Holm 1894, 1898; Sweet 1'958; Dzik 1984). On the other hand, there
are n o equivalents of I.? novator in the Baltic Region. No nautiloids
with 'such a wide, cylindrical central sip huncle are known in the Balti c
Lower Ordovician. The only species with a phragmocone struc ture of
this type that I have observed represents a 1nte joceras from the Llan­
deill ian of Siberia (Dzik 1984). The lack of data on inte rnal structure
of the siphuncle (especially siphuncular dep osits) and on the sha pe of the
apical part of shell precludes the possibility of accurately compar ing
Bohem ian and Siberian forms.

Irrespective of the Baltic chronostratigraphic unit to which the nau­
til oid fauna from the' Osek (Sarkan) corresponds, it is quite different
in structure than Baltic Early Ordovician fauna. Puzzling is the absence
fr om the Bohemian fauna of the or thocerat ids, lituitids and tarphycera­
ti ds, which dominate Baltic faunas, On the other hand, Baltic faunas
rarely contain Bathmoceras or Bactroc eras. If we take into acc ount the
possibilit ies of migration of nautiloid populations, as well as of a post­
m ortem transportation of their fl oating shells, these differences may
const itute a basis for the opinion that th~ Baltic and Bohemian Early
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Ordovician provinc es belonged to two different zoogeographic realms
(in the meaning defined above) . Characteristically, the Baltic region
is marked by a considerably smaller differentiation of tarphyceratids
than the Nor th American Midcontinent. This confirms existence of a
(cl imatic ?) gra die nt: Midcontinent - Baltica - Moldanubicum (fig. 7).

CON CLUSIO NS

A distinct paleobiogeographic boundary, separ a t ing Early Ordovician
realms, the Baltic (or rather North Atlantic, see Sweet and Bergstrom
1974) one including marine epicontinental ec osystems (provinces) of the
East European Pla tform (Baltica), the r eg ion of Oslo, Nor wa y , and the
Holy Cr oss Mts, P oland, and the Bohemian one including epicontinental
ecosystems of Moldanubicum, Atlas, Brittany, Montagne Noire, and per­
haps the Sudeten Mts a nd sever al other massifs, extends between the H oly
Cr oss Mts a n d the Moldanubicum (and perhaps even the Sudeten Mts).
The Moldanubicum ecosystem is marked by dominantly fine-cla st ic and
pyroclastic sedimentary rock s , a small degree of differ entiation or nek­
ton ic faunas (cono do nts and nautiloids) and, presumably , cold-water
benthonic assemblage s. The Holy Cross Mts ec osystem is characterized by
car bonate rocks, with a considerable influx of sandy deposits in the
Arenigian. Con odont faunas are marked by a diversity index identical
w ith that of Baltic ec osystem faunas. Also identical or closely related
are nautiloid assemblages arid, presumably , benthonic assemblages of the
tem pera te cl imate.

The boundary between the Bohemian (Me diter ranean) and the North
Atlantic r ealms wa s se lect ively penetrable by various ecological and
taxonomic groups of org a nisms . Only a fe w Early Ordovician groups of
orga n isms did not cross this b oundar y . Here belong primarily t he
Carpoidea (Ech in odermata), wh ich, although abundant in the Sarka F or­
mati on , are unknown fro m the Balt ic Early Ordovician, and the br y o­
zoa ns , whi ch are an impor tant component of the Volkhovian, Kundan
and Lasnarnagian assemblages (also of pelagic red Orthocera s limestones)
in the Baltic region and the Holy Cross Mts but are thus far unknown
fro m the Ea rly Or dovician of Bohemia . With regard t o the maj ority of
the remain ing gr ou ps of benthonic or ga nisms , som e single species
su cceeded now and then in penetrating t he boundary between the provin­
ces and, a ft er taking possession of an appropria te n iche, developed in t he
other ecosystem a new evolu t ionary lineage independent of the in it ial

-- - ---- - ~

Fig. 7. Early Ordovi cian palaeogeography of the r egi ons di sc ussed. Equal-a rea
proj ection ; position of the main land masses after Ziegler et al. (1979), Scotese
e t al. (1979), a nd Be rg strom (1979). F a ci es di strib u ti on after R oss (1976), Ha v licek
(1976), Mc 'I'avish a nd Leg g (1976), Dzik (1978), and ot hers. -A r rows indicate su pposed

d irect ions of oceanic current s.
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one. This concerns the ostracods , bellerophontid and hyolithid m onopla­
cophorans, bi valves and, proba bly t r ilob ites. However , this boundary was,
characteristically , an eff icient ba r r ier to a considerable part of the nee­
t on ic nautiloids and plan ktonic graptolites. Conodonts seem t o be the
only gr oup to which this boundar y was not an obstacle to migra ti on ,
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althou gh, as compared with that of the North Atlantic realm, the assem­
blage of conodonts from the Klabava Formation is impoverished.

Paleogeographic reconstruction do not reveal the existence of .geo- ­
graphical barriers (for example, continents) between Bohemia and the '
Holy Cross Mts (fig. 7; the Holy Cross Mts, Sudeten Mts and Moldanu­
bicum are interpreted as parts of successive island arcs, connected first
with Baltica and, after the Caledonian orogeny, with Laurasia; their final
consolidation and integration with Laurasia took place in the Hercynian.
or ogeny). Due to the postulated situation of Gondwana and Baltica, the
geographic distances between the Moldanubicum and Holy Cross Mts.
plates could not have been great enough to enable an explanation of such
great faunal differences by a simple climatic gradient. 'On the basis of"
a knowledge of the distribution of continents, however, one can conjec­
ture the marine current system and the climatic boundaries determined .
by their convergence (van Andel 1979; Schopf 1980). I suggest assuming
that the zone of subpolar ("Antarctic") convergence occured . between
the two plates. With such an assumption, the. ecosystems belonging to the
Bohemian (or Mediterranean) realm (Moldanubicum, Massif Armonicain,
Massif Central, Atlas) will be included within the limits of convergence·
in the cold zone (fig. 7). The temperate-water ec osystems of Baltica,
Osl o, and the Holy Cro ss Mts will be situated just north of the conver-·
gence. Changes in the situation of the convergence in relation to islands,
arcs associated with continental plates undoubtedly constituted an im­
portant factor in facil itating expansion of sublittoral and littoral faunas',
independently of the continental drift. The insensitivity of some groups .
of organisms (for example, conodonts) to convergence may result from
their belonging to the psychrosphere (d. Seddon and Sweet 1971; Berg-­
strom and Carnes 1977; Klapper and Barrick 1978). Also noteworthy is­
the fact that marine currents system resulting from the assumed distribu­
ti on of continents (fig. 7) explains the relationships between the Baltic­
conodont faunas and the Australian tropical faunas and, at the same '
time, their dissimilarity to the faunas of the North American Midcon-­
tinent, <vhich were situated in the same climatic zone as Australia.
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DOLNOORDOWICKIE KONODONTY BARRANDIENU A CZESKO-BALTYCKIE
POKREWIENSTWA FAUNISTYCZNE

Streszczenie

W formacjach klabawskiej i sza r eck iej dolnego ordowiku okolic Pragi s tw ier ­

dzono wystepowanie konodont6w 0 baltyckich pokrewienstwach, Szczeg6lnie obfitujq

w konodonty wapniste tufity g6rnej czesci formacji klabawskiej, odslaniajace sie

w stanowisku Svatotostepansky rybnik k olo Myta, Ze sp61 konodont6w jest tam

zdominiowany przez nowy gatunek z rodzaju Bal toniodus, przy znacznym udziale

zn anych .z regionu baltyckiego gatunkow rodzaj6w Drepanoistodus, Scalpellodus

i Drepanodus. Bal toniodus bohem icus sp. n . jest, pod wzgledern stopnia ro zwoju

zabkowania poszczeg 6lnych element6w a pa ra tu, posredni porniedzy Acodus deltatus

(bez zabkow) a B. crassulus i B. tr iang ularis sensu Lindstrom, 1971 (z zaczatkowym

zabkowaniern wiekszosci ele m en t6w ). Bye moze ob ejmuje on, ob ok populacji czes­

ki ej , rowniez najsta rsze szwedz k ie populacje B. navis sensu Van Wamel, 1974.

Zg odnie z tq inte r p retacja, g6rna czes c formacji klabawskie j (i t yrn sa mym

pietra klabawskiego) odpowiada wiekowo pograniczu baltyckich pi eter latorp

wolchow .

Mimo wystepowania bliskich lub nawet identycznych z baltyckimi gatunk6w,

ze sp6l konodont6w z formacji klabawskiej zdecydowanie rozrri s ie od podobnych

zespo16w baltyckich bardzo niskim zroznicowaniem taksonomicznym oraz od­

m iennymi proporcjami ilo sciow ego udzia lu poszczegolnych gatunk6w. Interpretuje

sie to jako jeszcze jedno potwierdzenie zimnowodnego charakteru morskiego eko­

systemu Moldanubiku we wczesnym ordowiku.Stosunkowo scisle powiazania ko­

nodontow z czeskiego i baltyckiego ordowiku kontra stujq ze znana od dawna od ­

miennoscia faun trylobit6w (Whittington and Hughes 1972, 1973), ramienionog6w

(Willia ms 1973; Havlicek a nd Branisa 1980), szkarlupni i bentonicznych mieczakow

(Marek '1976). Fauna lodzik6w z fo rmacji sza reck ie j, obok gatunk6w prawdopodob­

nie wsp6lnych z regionem baltyckim, zawiera tez formy z ordowiku battyckiego nie­

znane (por . Dzik , 1984), ro zni sie takze Ilosci owym udzialern posz czeg6lnych

grup taksonornicznych. Fauny malioraczk6w z Czech sa znacznie slabiej poznane

od r6wnowiekowych, dolnoordowickich faun baltyckich, d ostepn e dan e wskazuja

jui jednak na ich znacznie mniejsze zr6inicowanie i poglebiajacq sie w trakcie

wczesnego i srodkowego ordowiku odrebnosc (Pribyl 1979). W nieopisanym dotad

zespole malzoraczkow z formac ji klabawskiej wystepuja jednak gatunki 0 w yrainie

baltyckich pokrewienstwach (fig. 6), Sf! bowiem powody d o przypuszczenia, ze
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baltycka linia ewoluc y jna Glo ssomorphites wywodzi sie ze wspolnego pnia z czeska

lin ia Cerninella.

Zjawisko wybiorczego przenikania porniedzy ekosy stemami baltyckirn, swi~to- .

krzyskim i czeskim' niekt6rych grup organizrnow (glown ie nektonicznych lodzik6w

i konodont6w oraz planktonicznych gra pt oli t6w ), p rzy zupelnej ni emal separacji

wielu grup bentosu, znajduje Iw y jasn ien ie w palinspastycznej rekonstrukcji roz­

mieszczenia Iqd6w w dolnym ordowiku (fig. 7). Wynika z n iej, ze porniedzy konty­

nentem Baltica a Moldanubikiem winna sie znajdowa c strefa kowergencji sub­

polarnej ("antarktycznej"). Konwergencja pradow morskich, stwarzajac ostra gra­

nice miedzy obszarami w6d powierzchniowych 0 rozne] temperaturze mogla sta­

nowic dostateczna zapore uniemoaliwiajaca swobodne mieszanie sie faun. Wyspa

S wietokrzyska, faunistycznie powiazana z kontynentem Baltica, znaidowala sie

zapewne na p6lnoc od konwergencji.

Poslugiwanie sie w rozwazaniach biogeograficznych poj eciem stopnia zroznico­

wania faun (diversity) nasuwa potrzebe [ego [ednoznacznego zdefiniowania i okresle­

nia sposobu pomiaru. Dla potrzeb niniejszego opracowania przyjqlem, za Berry

et al. (1979), wskainik zr6i.ni cowania (index of diversity) wyliczany w ten sam

spos6b co zawartosc informacji shannonowskiej. Miara zroznicowania zespolu ko­

palnego (fossil assemblage) jest wiec s topie iJ. ni emoznoscl ok reslen ia , do [akiego

gatu nku nalezy okaz losowo wziety z pr6by. Wz6r Shannona na zawartosc informacji

(1) ma postac:

"
I = - L: Pi log, P i gdzie P i - prawdopodobieiJ.stwo poszczegolnego zdarze­

; =1
nia i;

po zamianie logarytrnu 0 podstawie 2 na logarytm dzlesietny [ednostka informacji

zamiast bitu sta je s ie hartley :

"
I = - c L: P i log P i

; =1
Stosujac oparty na takim r6wnaniu w skainik do por6wnywania zespolow, mozna

porninac wsp6lczynnik c, stosuj ac uproszczony wz6r:
n

D = - .L: Cs log c,
$ = 1

gdz ie Cs - udzial okaz6w poszczegolnego gatunku s w

pr6bie (tub: stosunku liczby okaz6w danego gatunku do

ogolne] liczby okaz6w w probie),

Potrzeba ustalenia jedn oznacznej, hierarchicznej klasyfikacji jednostek pa­

Ieobiogeograficznych jest palac a (por. Wa terhouse 1976; Kauffman and Scott 1976).

M imo znacznej liczby propozycj i te rrninologicznych (por, Sylvester-Bradley 1971)

daleko w tej dz iedzinie do osiagniecia zgodnosci po gladow chocby przez znaczna

czes c badaczy. Wynika to przede wszystkim z niewielkiej stosowalnosci klasyfikacji

opartych na zespolach ladowych do biogeografii ocean6w. Ekosystemy Iadowe

maja z reguly ostre (dyskretne) geogra ficzne granice odpowiadajqce granicom lq­

d6w, jednoznacznemu rozdzielaniu obszar6w nizinnych przez grzbiety g6rskie etc.

Tego rodzaju zewnetrznych ograniczen pozbawiona jest wiekszosc ekosystem6w

rnorskich. Podstawa do wytworzenia sie ostrych granic moglaby bye znaczna wew-
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netrzna integracj a bi ocenoz i zwiazany z tym ' brak ciaglych przeisc pomiedzy

roznymi typami biocen oz. Im wyzsze] rang i j ednostka biogeograficzna , tym jednak

stopien integracji j est mniejszy . J uz na poziomie ekosystemu odpowiadajacego po­

jed ynczej bi ocenozie st opien integracji jest , nikly lub prawie zaden (Hoffman 1979).

Ciagl osc przestrzennych i struktura lnych przej sc pomiedzy roznego typu bioce­

nozarni jest dobrze empirycznie uzasadniona (Cisn e and Rabe 1977; Dzik 1979). Wy­

jqtek stan ow ia biocenozy, w ktorych k onc entracja biomasy jest na tyl e duza, ze

p ow oduje istctne zmiany sr odowiska . T ego rodzaju biocenozy maja ostre teryto­

rialne granice, Na leza tu m.in. ro znego rodzaju rafy, biohermy i lawice (Dzik

1972b ).

Waterhouse (1976) zaproponowal hierarchiczny sys te m klasyfikacji jednostek

bi~eograficznych oparty na randze charakteryzuj qcych je jednostek taksono­

micznych. l stotna wada tkwi w samym Jeso zalozeniu - ni ejednoznacznosc i nie­

s ta biln osc rang taksonow po glebia sie wrecz w mi are wprowadzania w ciaz nowych

"fil ozofii " taksonomii. Mozna sie wiec obawiac 0 sta biln osc i [ednoznacznosc opartych

n a nich klasyfikacji bi ogeograficznych, Wydaje sie , ze lepsza droge w ybra li Kauff­

mann i Scott (1976), korzy przedstawili zloz on a -hierarchiczna klasyfikacje jednostek

biogeograficznych oparta na procentowyrn udzial e endemicznych takson ow . Wpro­

wadzenia t ego rodzaju kwantyfikacji do opi su ordowickich jednostek paleobiogeo ­

grafi cznych napotyka jednak na powazno m etodologiczne t\,udnosci. Stepien en­

demicznosci j es t oczywiscie rozny w roznych grupach organizrnow (do sko nalym

tego przykladem moze bye stopien odmi ennosci faun k on odoto w w stosunku do

t rylobitow porniedzy Czechami i regionem baltyckim). Nawet przy zatozeniu r ow­

nowartosciowosci liczby endemitow ni ezalezni e od grupy taksonomicznej musi to pro­

wadzic do uzalezn ienia rangi jednostki bi ogeograficznej od . stopnia opracowania

taksonomicznego faun. Zalozenie takie nie wydaje sie zreszta mozliwe do przyj~cia­

inny jest oczyw iscie se ns ende micznosci nektonicznego glowonoga przechodzac ego

w ro zwoju stad iu m pelagiczn e] larwy niz np. bentonicznego slimaka przechodzqcego

caly rozwo] larwalny w ewnatrz oslonek jajowych.

Zeby uniknac niejednoznacznosci czy arbitralnego wyboru szczegolowych kry­

t eri6wklasyfikacji przyj rnuj e dla potrzeb niriiej szego opracowania uproszczona

k lasyfikacje j ednost~k bi ogeog raficznych. Opieram ia ni e na postulowanej wewn etrz­

nej integra cji, lecz na zewnet rznyc h ograniczen iach teryt or i6w zajmowanych przez

-ekosystemy, poszukuj qc analogi i z ograniczeniami terytorialnymi ek osys tem 6w lq­

d owych. Mozliwosc obi ektywnego wyznaczenia granic j es t w takim przypadku ogra­

niczona przez m ozliwose znalezienia ostrych granic w strefach dzialania tych zew­

netrznych czynnik6w. Mega to by e brzegi mo rskie, granica szelfu, t ermoklina ,

strefa k onwergencji cieplych i zimnych prqd6w, zasieg wznoszenia mas wodnych

d ost a r czajqcych biogenow , etc . Ozn acza to su bte lne a le istotne przes u niec ie w uj eciu

definicji jednostek biogeograficznych. Nie beda one rozumiane [ako wyzszej rangi

zespoly faun, 0 geograficznych granica ch zaleznych od taksonomicznej przynaleznosci

diagnostyczne] fa un, lecz jako zespoly ekosyste rnow (por. Kauffmann and Scott

1976). Pojecie ek osys t ern u w ekologii odnosi sie zazwyczaj do mozllwie malego ze­

s po lu (comm uni ty, assemblage, biocoenosis) wraz z jego s rodowiskiem abiotycznym,
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ktory moze Iunkcjonowac jako system zamkriiety pod wz gledem przeplywu infor ­

macji biologicznej (tzn, informacji funkcjonalnej, zawartej w systemach zywych

i wykorzystywanej do kontrolowania przeplywu energii ' ! materii wraz z zawarta

w niej informacja strukturalna). Jest to wiec system 0 stabilnej zawartosci infer­

macji biologicznej . Zdyskredytowanie koncepcji wewnetrznie zintegrowanego, dy­

sk r etn ego typu morskiej biocenozy (Hoffman 1979) kaze szukac odpowiednika lq­

dowych ekosystemow 0 przedstawionych wlasciwosciach (w rodzaju lasu, [eziora

etc.) na wyzszym poziomie organizacji zespolow morskich. Bez za strzezen mo zna

przypisac termin "ek osys tem " (rozumiany jako system 0 prawie zamknietym obiegu

informacji biologicznej) do epikontynentalnego morza, ograniczonego' przez krawedz

szelfu i wybrzeza ladu oddzielajqce go od sasiadnich morz, Do tak rozumianego eko­

systemu morskiego mozna stosowac model biogeograf'ii "w y spow e] McArthura i Wil­

sona (1963, 1967; por. Williams 1976).

Klimaksowe ekosystemy kopalne maja, w przeciwienstwie do dzisiejszych eko­

systemow morskich badanych przez ekologie, istotny wymiar czasowy. Z [ego

istnienia wynika koniecznosc uwzglednienia przeplywu i zmian zawartosci informacji

biologicznej w ekosystemach kopalnych. Zmiany te polegaja na trzech rodzajach

procesow biogeograficznych:

(1) ewolucji poszczegolnych ga tunk ow (dyskusyjny jest problem integracji procesow

ewolucyjnych w obrebie ekosystemow, por. Boucot 1979) ;

(2) przemieszczaniu zespolow ogranizmow w obrebie ekosys tem ow (faunal shift,

Jaanusson 1976);

(3) migracjach gatunkow z innych ekosystemow, ktore moga prowadzic w skali geo­

logicznego czasu do zmian stanu rownowagi faunistycznej (faunal equilibrium

MacArthuraI Wilsona 1963).

Zgodnie z przedstawionymi wyzej regulami mo zliwe jest stworzenie hierar­

chicznego system u klasyfikacji jednostek biogeograficznych 0 roznyrn stopniu in­

formacyjnej "nieszczelnosci", ktore mega bye zastosowane do paleobiogeografii euro­

pejskiego ordowiku. Posluzylem sie dwiema takimi jednostkami,

1. Prowincja, rozumiana jako zespol morskich biocenoz, porniedzy ktoryrni naste­

puj e swobodny prz eplyw gatunkow. Ekosystemem takim bylo epikontynentalne

morze Moldanubiku, wyspy Swietokrzyskie j czy k ontynentu Baltica - dzisi e jszym

odpowiednikiem m oze bye Morze Polnocne lub Baltyk.

2. Panstwo (realm), rozumiane jako zespol epikontynentalnych morz rozdzielonych

barierami topograficznymi (np. glebia oceaniczna) utrudniajqcymi al e ni e unie­

rnozliwiajacymi wyrniane faun . Od innych zespolow ekosystemow morz jest ono

wyodrebnione barierami hydrograficznymi podkreslajacymi roznice klimatyczne

i bardzo ograniczajacyrni mi gracjq (np. granice kontynentow, konwergencja pradow

morskich). Termin ten mo zna wiec odnie sc do kontynentu Baltica wraz z W;Spq

Swietokrzyska i kilkoma innymi ekosystemami - dzisiej szym odpow iednik iem jest

np. region suban tark tyczny wyodreb n ion y przez konwergencje antarktycznq.
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EXPLANATION OF THE PLATES 1-6

Plate 1

Abandoned iron mine at Ejpovice, Bohemia

367

1. View of the outcrop; arrow indicates an exposure of the Klabavian-Sarkan·
boundary.

2. Exposure of the uppermost part of the Klabava Formation (calcareous tuffite,.
sha les, and' mudstones) and the lowermost Sarka Formation (pe1osiderite with .
iron oolites).

Plate 2

Svatostepansky rybnik near My to, exposures of the Klabava Formation

1. Outer view of the locality ; at bottom tuffite layer, left diabase, right (backgro­
und) dark shales of the Sarka F ormation. Arrow indicates abandoned quarry.

2. Wall of the abandoned quarry, indicated calcareous tuffite layer (tf) within .
sha les .

Scalpellodus laevis Dzik , 1'976, Klabava Formation, Svatostepansky
rybnik near Myto, Bohemia

3. Asymmetric element with sha r p posterior edge, ZPAL C.XII/ll , X 100.
4. Asymmetric el ement ZPAL C.XII/12, X .100.

Baltoniodus bohemicus sp. n. (?), same locality

5. Hi e lemen t with untypically dev eloped denticulation (?), ZPAL C.XII/20, X 100_

Plate 3

Drepanoistodus for ceps (Lindstrom, 1955)?, Klabava Formation,
Svatostepansky rybnik near My-to, Bohemia

1. Asymmetric element (drepanodiforrn) ZPAL C.XII/l, X 66.
2. Same type of eleme nts ZPAL C.XII/3, X 66.
3. Tr el ement- ZPAL C.XII/la, X 66.
4. Ne el ement ZPAL C.XII/9, X 66.

Drepanodus d . arcuatus Pander, 1856, same locality

5. Asymmetric e lemen t (drepanodi form) ZPAL C.XII/2, X 100.
6. Tr(?) e lemen t ZPAL C.XII/5, X 66.
7. Ne(?) eleme n t ZPAL C.XII/7, X 66.
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Plate 4

Baltoniodus bohemicus sp. n. , Klabava F ormation ,
Svatostepansky rybnik near Myto, Bohemia

1. Sp or oz e lemen t ZPAL C.X II / 14, X 100.
2. K e elemen t ZPAL C.XIIII5, X HlO.
3. Hi e lement ZPAL C.X II /1 9, X 100.

-4. Same eleme n t type ZPAL C.XII/ 17, X 100.

Scalpellodus laev is Dzik, 1976, same locality

5. T wi st ed element ZPAL C.XII/6 , a X 66, b X 1000.

Plate 5

Baltoniodus bohemicus sp. n., Klabava Formation,
Svatostepansky rybnik, Bohemia

1. Tr e le me nt ZPAL C.XII/Z l, X 100.
-Z. Pl e lemen t ZPAL C.XIIII 6, X 100.
3. Ne ele me nt ZPAL C.XIIII8, X 100.
4. Hol ot ype, sa me elemen t type ZPAL C.XII/IZ, X 100.

Oncos ella sp. n.

5. Ectoso ma l hexactin, X 66.
6. Endosomal hexac tin, X 66.
7. Bil a t erally sy mmet r ica l spicu le, X 66.

Pl ate' 6

.Trace fossil fr om the uppermost K labava Formation, Ejpovice, Bohemia.
Scal e 10 em.

1. Climacti chnit es (?) t rail on the bedding pl ane of r ed shale .
:'2. Bergauer ia bur ro w s pen etrating red sha le .
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